It has long been known that pathogenic bacteria sense particular host cues to gain spatial information about where they are within a host. These cues define when and where to colonize, and turn on virulence factor expression. The host environment is not static, however, and we are now developing an understanding that pathogens play an active role in shaping it to make it suit their needs. A new example of this ability is provided by collaborative work from the labs of Manuel Amieva, Karen Guillemin, and Jim Remington, headed by graduate student Julie Huang. Together they describe that Helicobacter pylori senses urea as a chemoattractant, but must actively modulate the concentration of this metabolite in order to do so.
Chemotaxis is the process by which bacteria sense their environments and move in response, swimming toward beneficial attractant compounds and away from harmful repellent ones (Hazelbauer et al., 2008; Wadhams and Armitage, 2004) . Almost 20 years ago, urea was described as the first chemotaxis attractant for H. pylori, in work from Teruko Nakazawa's lab (Mizote et al., 1997) . The chemoreceptor responsible for detecting urea, however, was not known. To analyze which chemoreceptors are relevant to sense metabolites produced by human stomach cells, Huang et al. (2015) utilized human gastric organoids and asked what H. pylori attractant chemicals are released by them and which chemoreceptors sense them (Figure 1 ). They obtained a strong attractant signal that mapped to one of H. pylori's four chemoreceptors, TlpB. A few years earlier, TlpB was shown to have a tightly bound urea molecule that functions as a cofactor for pH sensing (Goers Sweeney et al., 2012) . This observation led Huang et al. (2015) to test whether urea was the molecule produced by the gastric organoidsas well as by many other mammalian cells-and indeed, it was.
A puzzle emerged because TlpB binds urea quite tightly-with a dissociation constant below 1 mM-while the concentration of urea in the stomach is over 1 mM. This amount of urea is predicted to saturate all the TlpB, essentially locking H. pylori into a permanent attractant state. Such a state would not allow H. pylori to return to or stay in a place that best fits its needs, because it could not change direction and instead would swim off in a straight line. Many bacteria use an adaptation system to deal with high concentrations of ligands (Wadhams and Armitage, 2004) , but H. pylori lacks the proteins of this system and appears to not adapt (Lertsethtakarn et al., 2011) . When confronted with such high amounts of urea, H. pylori would not be able to migrate up a gradient, therefore, and presumably would not locate to the epithelial cells. Huang et al. speculated, however, that H. pylori's highly abundant urease, an enzyme that hydrolyzes urea to CO 2 and NH 3 , might play a role in urea sensing. Indeed, a urease mutant no longer responded chemotactically to urea, supporting that urea hydrolysis is required for sensing (Figure 1 ). Furthermore, they could elegantly show that exogenous urease, even from non-H. pylori sources, could similarly allow urea chemotaxis. Their data thus support a model whereby H. pylori actively lowers the concentration of urea to allow chemotaxis sensing.
The idea that a chemotaxis active ligand is removed from the compartment in which it is sensed is not new, but the mechanism used here is unique. Chemotaxis ligands are typically sensed in a cellular compartment and then removed from that environment. For example, the Escherichia coli Tar chemoreceptor senses aspartate in the periplasm, and aspartate is removed from this compartment by active transport into the cytoplasm. Similarly, the E. coli ligands maltose, serine, ribose, and galactose are all sensed in the periplasm and removed by active transport into the cytoplasm (Wadhams and Armitage, 2004) . In the case of urease, Huang et al. discovered a new mechanism for chemotaxis ligand removal, one of active destruction. Such a mechanism seems logical, given that H. pylori uses the urea breakdown products as local buffers.
Two distinct chemotaxis responses have now been mapped to TlpB, both of which stem from urea. When the amount of urea can be brought below the amount that saturates TlpB, it is sensed as an attractant. TlpB also senses low pH as a repellent (Croxen et al., 2006) , a response that requires urea as a cofactor (Goers Sweeney et al., 2012) . Thus, when urea is saturating, TlpB swings into pH-sensing mode. Interestingly, pH sensing has been hypothesized to be due to protonation of a key aspartate in TlpB's urea binding pocket, which weakens and/or alters urea-TlpB interactions. This model fits well with two-state models currently proposed for other chemoreceptors: one conformational state promotes an attractant response and another drives a repellent response (Hazelbauer et al., 2008 The urease-urea-TlpB system can also be thought of as a way that pathogens modify their niches to allow optimal colonization. In a similar vein, Salmonella enterica serovar Typhimurium sparks inflammation, triggers a release of reactive oxygen species, and oxidizes the host metabolite thiosulfate into tetrathionate (Winter et al., 2010) . This compound in turn can be used by Salmonella as a terminal electron acceptor to promote robust anaerobic growth and is sensed as a chemotaxis attractant (Rivera-Chá vez et al., 2013). This response seems intuitive since chemotaxis allows Salmonella to efficiently locate host areas that contain this key nutrient. H. pylori similarly must have urea to buffer itself against the harsh stomach pH, but urea is found in very high amounts, seeming to obviate the need for chemotaxis to locate it. Instead, H. pylori may use urea chemotaxis to locate the place where urea comes from, gastric cells, so as to promote colonization at the epithelial surface.
The in vitro analysis of TlpB has revealed many interesting principles of pH and urea sensing and how H. pylori might have combined these two properties into one chemoreceptor. TlpB's role in vivo, however, has been a bit more challenging to discern. Somewhat surprisingly, mutants lacking tlpB have no colonization defect during early infection time points, even out to several months (Huang et al., 2015; Williams et al., 2007) . H. pylori is a chronically infecting bacterium, however, and tlpB mutants do have modest defects at later time points, as reported here by Huang et al. and previously (Williams et al., 2007) . Given the known properties of TlpB, it's not apparent why colonization defects would take so long to develop. The amount of urea would not be expected to change, and pH, if anything, would become more neutral as H. pylori infection develops. Other work has reported that TlpB mutants have inflammation alterations (Williams et al., 2007) . Specifically, tlpB mutants initially trigger low inflammation but transition to very high inflammation as the infection progresses (Williams et al., 2007) . The basis for this behavior is not known, but the high inflammation may lower the H. pylori numbers, an outcome seen in other high inflammation settings. The TlpB inflammation phenotype does suggest, however, that TlpB plays an important role in H. pylori epithelial interactions that are needed for inflammatory control. The study of Huang et al. has given new insights into the mechanism by which TlpB operates and suggested exciting avenues to explore for how this chemoreceptor might contribute to overall colonization. Host cells produce a wide range of metabolites that can be sensed by colonizing bacteria. Helicobacter pylori uses a mechanism to hydrolyze urea to CO 2 and NH 3 . This reaction both helps to buffer the bacterium from harsh stomach acid and also lowers the amount of urea to a range that allows a chemotaxis response
